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Introduction 
The shoulder, consisting of three true articulations 
and a functional joint, links the upper arm to the 
trunk of the body. Limited bony constraints allow a 
large range of motion at the expense of stability. In 
many sports, performers make the best use of this 
dynamic and mobile joint for maximizing the 
performance outcome. In some overhead activities, 
however, the arms apparently move beyond the 
normal range to damage the joint. One example is 
seen in the whip-like motion of throwing arm; the 
arm is “lagged behind” severely at the end of the arm 
cocking. Due to the apparent excessiveness, such 
movements are often claimed to be a risk factor of 
developing shoulder injuries. A question arises: Are 
these movements really excessive and result in 
shoulder injuries?  
 
Analysis of glenohumeral joint motion in sports 
Baseball pitching: The baseball pitching uses rapid 
arm movements to generate high ball speed. 
Vigorous shoulder internal rotation, which comes 
immediately after a countermovement of the 
shoulder complex, contributes greatly to accelerate 
the arm. The shoulder configuration at the end of the 
countermovement appears to exceed severely the 
normal range of shoulder external rotation. We found, 
however, that the glenohumeral joint was not 
excessive in abduction (83±11˚) or horizontal 
abduction (7±8˚), and the maximum external 
rotation angle (115±13˚) was substantially smaller 
than its appearance (approx. 160˚). Internal 
impingement has been assumed to occur at this 
instant, but none of the data obtained from 50 
pitchers support this prevailing assumption. 
 
Swimming: Shoulder pain is frequently reported by 
competitive swimmers and repeated shoulder 
movements over the large range is claimed to be an 
etiological factor. Apparently, swimmers elevate the 
arm excessively in the streamlined position and 
during the initial stretch of front-crawl stroke, which 
seems to cause subacromial impingement. We 
measured the glenohumeral joint motion of 
swimmers performing “resisted front-crawl 
swimming” and found that the maximum 
glenohumeral elevation angle was 106±10˚ which 
was not excessive by itself, but it exceeded the 
functional range when the shoulder was rotated 
internally and horizontally abducted at the same 
time. 
 
Weightlifting jerk technique: After the barbell is 
lifted to the height of clavicle with the clean, the jerk 
is used to lift the barbell above the head until the 
arms are straight. Generally, the arms of experienced 
weightlifters are located far behind the neck at the 
end of the jerk so that the barbell can be prevented 
from toppling over. The shoulder joints seem to be 
excessively flexed in this position. Careful 
measurements of the glenohumeral joint 
configuration revealed that it was not excessive in 
horizontal abduction (6±7˚) or external rotation 
(-37±9˚) at this position. The glenohumeral 
abduction angle was limited to 93±6˚, substantially 
smaller than its appearance.  
These analyses suggest that the apparently 
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excessive shoulder motions observed in sports 
performances may not be excessive due to scapular 
motions, and the idea that these motions are the risk 
factor of developing shoulder injuries should be 
re-examined quantitatively. 
 
  
